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VOL. XV.

TERRE HAUTE, IND., NOVEMBER, 1905.

HE basket ball squad has been practicing
now for several weeks, and judging by the
number of candidates, Rose should be represented
by a strong team this winter. Manager Butler
has written an outline of his plans, and we present this under "Athletics."
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HE TECHNIC presents this month an article
on the "Conservation of Energy," by Dr. R.
F. Earhart.
As Alumni Article we present "Flywheel Explosions," by William H. Boehm, Class of '91.
Mr. Boehm received his degree of B. S. at Rose
in Mechanical Engineering. He then took a
graduate course in General Engineering at Cornell, receiving the degree of Master of Mechanical
Engineering. He has held positions as Instructor
of Mechanical Engineering at Washington University, St. Louis, and Professor of Mechanical
Engineering in the State College of South Carolina. He is a member of the American Society
of Mechanical Engineers, and has frequently contributed to the technical press. Since 1901 he
has been in charge of the Flywheel Department
of the Fidelity and Casualty Co., of New York.
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No. 2

ACH fall there presents itself to the Junior
Class the question of what to leave as Class
Memorial, and a satisfactory solution of this
problem is becoming more difficult each year.
To the class of 1907 belongs the credit of the
latest Monument, the handsome gates at the front
entrance. The gate posts are of glazed brick, and
the gates of heavy oak, with ornamental hinges.
The class numerals in brightly polished brass are
a prominent feature. On another page we show
a photograph of the '07 Memorial.

E

HE talk of Class Memorials has led to several
suggestions, one of which appealed to us as
a very good one. This was that future Junior
classes direct their attention to the gymnasium,
and provide permanent memorials in the form of
useful appliances there.
The monuments about the Main Building are
very pretty, admired by everyone, and all that,
but of what real, practical value are the majority
of them? Don't you believe that a row of new,
modern lockers in the dressing room, for instance,
or a new shower bath would prove a much better
way to make future Rose students remember your
class? Almost every student at some time or other
uses the gym., and in using it he would be using
your class memorial. At any rate, it might not
be a bad idea to give this matter a thought.

T
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I T gave us great pleasure to receive the follow'ing in a letter from Dr. L. C. Lord, President
of Eastern Illinois State Normal School:
"I beg to assure you of the high esteem in which
Rose Polytechnic Institute is held by this school,
and our deep appreciation of the gentlemanly
treatment we have received at your hands in our
athletic contests."
If we knew more emphatic words than these,
we should certainly use them in replying to this
letter, but for the lack of these, we can only say
that we appreciate that our relations with Eastern
Illinois have been none but the most pleasant, and
we would rather schedule an athletic contest of
any kind with them than with any other school
we know.
HEN the foot ball management first announced a game with Butler, there was a
sentiment among some of the older students that
it would end unpleasantly. The game wa played,
and the inevitable happened.
With the score a tie, and the ball in our possession on Butler's six yard line, a discussion arose
as to what down it was. The referee, umpire
and head linesman agreed that it was second
down, while Butler contended that it was third.
The Butler coach came on the field, and when he
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refused to leave, the referee penalized Butler. At
this point the coach called his team off the field,
and forfeited the game to Rose. In justice to the
players it must be said that most of them were in
favor of continuing the game, and were heartily
disgusted with the action of their coach and their
captain for quitting the game.
An occurrence of this kind is always unpleasant,
but especially so to a school that prides itself on
square, clean athletics. The redeeming feature
for Rose is the fact that the referee, the man who
declared the game a forfeit, was an official of Butler's own choice.
It is to be hoped that future managers will not
forget this incident, and will not give Butler any
games, for it certainly seems to our advantage to
sever all athletic relations with them.

NOTHER unpleasant feature in connection
with the Butler game, but one which was
due purely to accident, was the injury to our captain, Addison Lee. Two bones in Mr. Lee's
ankle were broken, and although the injury is in
no sense serious, it will keep him out of the game
for the rest of the season. Mr. Strecker has been
elected to captain the team through the rest of the
season.

A
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CONSERVATION OF ENERGY.
By R. F. EARHART, Ph. D.

HE title given this paper, "Conservation of
Energy," was chosen so that it might, at
least, have the virtue of brevity. The particular
phase of this subject which it is intended to discuss might be stated thus: "The Effect Produced
by the Conception of the Conservation of Energy
on Scientific Thought."
Before entering upon the subject proper, it
seems advisable to make a few general statements, in order that we may have a common
starting point.
In the first place, no satisfactory definition of
energy can be given. However, apart from a
scientific definition, a generalization may outline
the scope of the subject. Any material phenomenon is a manifestation of energy. In order for
a phenomenon to be observable, some change
must take place. There are then two things of
primary importance to consider:
First. That which changes.
Second. That which produces the change.
That which produces the change we call energy. Admittedly not a definition.
The subject called Physics deals with the effects
produced by energy on matter. We know nothing concerning the nature of energy and all our
knowledge pertaining to it is limited to the effects
produced on matter.
Seventy-five years ago, text books on natural
philosophy discussed (among other subjects)
Mechanics, Heat, Electricity, Sound and Light.
These were treated separately, being grouped
with other subjects under the head of Natural
Philosophy.
These general divisions are retained, for the
sake of convenience, in our present text books,
but are discussed rather under the heads of Mechanical Energy, Heat Energy, Electrical Energy, Energy of the Magnetic Field and Energy of
Wave Motion — the latter including both Sound
and Light.
This means merely that certain phenomena are
studied under the head of Mechanical Energy,
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another group under the heading of Heat Energy,
etc. To make these divisions complete we should
add Energy of Chemical Reactions and perhaps
Radio Activity.
The doctrine of the Conservation of Energy
states that in any conservative system the total
amount of energy in the system remains unchanged. Changes in the form of energy may
occur, but the total amount of energy remains unchanged. Energy may be added to the system
from some external source or system, or the
energy in a system may diminish, but only by being imparted to another system. Regarding the
Universe as a conservative system, the total
amount of energy remains unchanged.
Transformations of energy are constantly occurring and energy is being redistributed between
the different parts of this system, but there results no diminution in the total quantity.
This principle was first enunciated by Robert
Mayer, a German physician, in 1842. His first
paper written in that year was rejected by Paggendorfs Annalen, but published in 1845 by
Liebig in his Anna/en. About the same time,
but quite independently of Mayer, the same principle was set forth by Joule, the English physicist. Claims for priority have been made for both
of these gentlemen, but Mayer's claim has become
very generally recognized.
It is interesting to note the difference in method
of these men. Mayer announced this as a principle, citing a very limited amount of experimental data, none of which could properly be
termed quantitative. On the other hand Joule,
before making his announcement, had made a
most careful series of investigations and was prepared to back up his statements with definite experimental evidence. The latter plan is certainly
the better. However, when we compare the circumstances in life of the two, much can be said
in favor of Mayer.
Mayer was a physician, the head of a family,
and with a meagre practice. The problem of ex-
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istence was a prominent one with him. Neces- essary to raise the temperature of 1 it) of water
sity gave him little opportunity for research; 1°F. It was known that the amount of work
nevertheless he was of an experimental turn of put into a machine was not equal to the amount
mind. He carried out a few experiments, but of work which could be obtained from the mawas greatly handicapped for lack of means and chine. Part of the energy introduced was used
facilities.
in overcoming friction. According to the theory
Joule, on the other hand, was a man of wealth of Joule and Mayer this energy expended in fricand leisure, the owner of a brewery, and having tion was transformed into heat energy. Joule's
both mechanicians and special facilities for carry- experiment consisted in measuring the number of
ing on work in heat.
foot pounds put into the machine, and then the
The first effect produced by the enunciation of foot pounds given up by the machine. The difthe theory of the conservation of energy was dis- ference between these would give the number of
dain and derision.
foot pounds used in the machine itself. At the
Mayer's first paper was refused publication. A same time measurements were made to determine
later paper, in 1845, was published at his own the number of B. T. U's generated.
The apparatus was so constructed that the
expense. Even the great Helmholtz, although
then almost unknown, was refused the publica- greater part of the energy put into the device was
tion of his paper "Erhaltung der Kraft" in 1847. expended in overcoming the friction between a set
Joule's efforts in England met with a similar re- of paddle wheels and a known amount or water.
ception. Next, this idea received consideration The number of mechanical units thus used was
measured and the rise in temperature of a known
but very great opposition.
Finally, as must always be the case, the matter amount of water observed. From the rise in temperature of the water the number of B. T. U's
had to be decided by experiment.
The work of Joule furnished this in part, but could be determined. The data is thus supplied
was supplemented and verified by a number of for determining the numbe r of foot pounds of meother distinguished experimentalists.
chanical energy, the expenditure of which will
The experimental work just referred to is produce one B. T. U. In other words this deterknown as the determination of the Mechanical mines the Mechanical Equivalent of Heat. It
Equivalent of Heat. The wider conception of the was further shown that the conversion of any
interconvertability of energy from one form to an- amount of mechanical energy into heat was acother without loss, hinged upon this problem.
companied by the evolution of a definite amount
When this classical experiment was performed, of heat energy. The establishment of this propoprecision measurements were undeveloped; there sition experimentally made possible the acceptwere then only two forms of energy which were ance of the more general principle represented by
capable of close or even approximate measure- the term "Conservation of Energy." A definite
ment. The problem attacked by Joule was this: numerical relation has been established only in
Granting that heat is a form of energy, upon the the case of the transformations of Heat Energy,
expenditure of a given amount of mechanical Electrical Energy and Mechanical Energy.
energy so manipulated as to be transformed into
In the following tables, illustrations of some of
heat energy, it should be possible to determine the various interchanges of energy from one form
the ratio of one measured in suitable units to the to another are given. Nothing is known of the
other measured in its particular units. Work be- mechanism of such changes. It is merely ining the measure of mechanical energy, may be tended to cite common illustrations:
determined in foot pounds. Heat may be measMechanical to Heat—Friction in bearing.
ured by means of a unit known as a British TherMechanical to Light—Friction in bearing.
mal Unit. A B. T. U. is the amount of heat necMechanical to Sound—Beating of a drum.
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Mechanical to Electrical—Dynamo.
Heat to Mechanical—Heat Engine.
Heat to Light —Gas Mantle.
Heat to Electrical—Thermo Couple.
Heat to Sound—Singing flame.
Light to Mechanical—Pressure due to light wave.
Light to Heat—Rise in temperature of a dark body produced by light waves.
Light to Chemical—Photo Plate.
Electrical to Heat—Incandescent Lamp.
Electrical to Light Incandescent Lamp.
Electrical to Sound—Humming of Condenser.
Electrical to Chemical —Storage Battery.
Electrical to Mechanical—Motor.
Chemical to Mechanical—Explosion (Gas Engine).
Chemical to Heat—Combustion.
Chemical to Electrical—Primary Battery.

In the illustration given pertaining to the
change of Mechanical Energy into Light Energy,
attention should be called to the particular sense
in which this applies. In the case of a bearing
in which mechanical energy is being expended in
friction, heat energy is developed. The body will
lose this heat energy in one of three ways, viz.,
by conduction, convection or by radiation. In
case the radiations are of such a kind as to affect
the retina of the eye they are called light waves.
There is no difference between radiant heat and
light save that of the wave length of the radiations. In this sense it may be truly said that
mechanical energy is transformed into radiant
energy which is of such a character that it produces the sensation of light. Taft physical cause
of this sensation (light waves) is due primarily
in the illustration cited to the expenditure and
disappearance of mechanical energy.
The table in itself indicates the view now commonly held concerning the phenomena indicated.
Most of these were formerly regarded as quite
distinct, and if any relation existed, such relation
was remote.
Joule's earlier experiments indicated the quantitative relation between mechanical and heat
energy. This relation is known only approximately and for this very reason, paradoxical as it
may seem, the science of energetics is called an
exact science. It is called an exact science because we know how inexact we are. We can say
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that one quantity of energy is twice as great as
ano her, and that this is correct to within I or T1-6
of 1%. An illustration may make this more
clear. It is quite possible for a critic to say that
a particular grouping of statuary is more artistic
or that one musical composition is more classical
than another, but quite impossible to say when
one is twice as artistic or twice as classical as another. In the case of the so called exact sciences
their claim for exactness is based on the fact that
the inexactness is recognized and may be determined. Very soon after the determination of the
Mechanical Equivalent of Heat, the quantitative
relation between the energy of the electric current
and heat energy was determined. The development of the undulatory theory of light. years
previous to the work of Joule and Mayer, had
shown that light consisted of a series of wave
motions and this fitted very nicely with the theory
of the Conservation of Energy.
The determination of the Mechanical Equivalent of Light has afforded a problem which few
physicists have ventured to attack. Progress
along this line has been confined to within the
past decade. Within the past six months, Prof.
Nichols, of Columbia, presented a paper before
one of our scientific societies on the Mechanical
Equivalent of Light. This paper has not as yet
been published, and whether his paper was a preliminary one or whether he has made a quantitative determination is a matter of conjecture.
Sound has been shown to be transmitted only
in material media and is essentially a mechanical phenomenon. The motions of a material
medium of such character as to affect the tympanum of the ear, producing the sensation of sound,
are known as sound waves.
One of the direct and important effects produced by the Concept of the Conservation of
Energy was the new light it threw on many chemical problems. From the first enunciation of the
principle and the general acceptance of it shortly
afterward it was presumed that this would apply
to chemical changes. The energy evolved in
chemical changes is one of the most convenient
and readily available sources within the control
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of man. Certain chemical reactions require that
energy be expended, others occur with the evolution of heat energy. The phenomenon of combustion illustrates this. Within the past 40 years
the application of energetics to the study of chemical reactions has been productive of results of the
highest importance, and in no small way has contributed to placing the science of Chemistry in the
high plane it occupies today.
In a limited sense only, the quantitative relation between certain chemical reactions and heat
energy, mechanical energy, etc., is known. It is
possible to determine the energy evolved in a
chemical reaction as substances pass from one
form to another. However, in their final forms
they possess energy, and hence what is called the
"free energy" only is determined, not the absolute energy. To illustrate: Under suitable conditions Carbon and Oxygen unite to form carbondioxide, and this is acoompanied with the evolution of heat. The CO2, however, possesses chemical energy. The so-called free energy may be determined. There remains the energy of the CO2
undetermined, hence we say the free energy only
is determined.
The effect of Energy concepts in all branches
of engineering has been most profound. This
will follow as a matter of course, for all branches
of engineering, for the most part, are applied
Physics and Chemistry, together with a mathematical analysis of them. The two fundamental
principles common to both are the Conservation
of Mass and the Conservation of Energy. The
electrical and mechanical engineers are constantly
striving to increase the efficiency of their devices.
This has no meaning apart from the Conservation
of Energy. The efficiency of a machine is defined
as the ratio of the useful work produced by the
machine to the total work put into it. This has
as its limit, equality between the two, i. e., an
efficiency of 100%.
The mechanic of today recognizes this as the
limit towards which his efforts may be directed.
The acceptance of this principle has put aside the
scheme of the perpetual motionists. It seems to
be the one thing that has caused an abatement in

the search for the perpetual motion machine. The
perpetual motionist proposed a machine which
would work continually without the aid of any
external driving force. Work is wealth and the
solution of this problem promised enormous gains,
placing it on a par with the philosopher's stone
or the prize sought by the gold hunting alchemists. The creation of energy in this sense is opposed to the idea of the conservation of energy.
Still it would be quite consistent with this law to
construct a machine which would go on working
without expense to the owner other than the wear
and tear of the machinery. An actual example
of such a machine is a water-wheel or an engine
driven by the radiant heat received at the earth's
surface from the sun. It is quite possible that the
ingenuity of man may enable him to make use of
the vast stores of available energy now existing
in the Universe.
The perpetual motionist set himself the task of
creating energy. The law of the Conservation of
Energy denies the possibility of this. This has
been so generally accepted that the idea of perpetual motion has taken its place with the dream
of the alchemist and the search for the philosopher's stone. The pursuit of this fantasy by the
earlier investigators and inventors has proven to
be of great value.
The labors of the middle age alchemists while
seemingly unproductive served to establish certain negative principles, and served to make possible the development of the modern science of
chemistry. In the same way this hope of the
perpetual motionist served as a powerful stimulus
in carrying on his labors, and while from our
standpoint he was seeking the impossible, still
these failures served to establish a negative principle. The final overthrow of this hope some 60
years ago, has served to direct the energies of investigative minds into more productive fields.
To the geologist and astronomer the Concept
of the Conservation of Energy has had special significance. The speculative side of these sciences
deals with changes wrought in ages past, which
have made possible the existence of the earth, the
solar system and the visible Universe.
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To them the Conservation of Mass and of
Energy furnish a powerful method of attacking
the ever interesting topics of the changes which
have been and which are to be.
Any theory must be based on well established
physical and chemical laws. One of the reasonable working assumptions, if we choose to view
it in that light, is that no matter how remote a
time in the past or how far into the future, speculation may carry us, the energy of the system will
not change and can always he equated to a constant.
A deduction from the conservation of energy
indicates that while the total amount of energy remains unchanged, the amount of available energy
is diminishing Heat transfers take place from
bodies of high temperature to bodies at a lower
temperature. During such transfers heat energy
can, by suitable devices, be utilized in doing useful work. But such transfers can not continue
indefinitely. A time will come, if the present
physical laws are stable, when all badies will
reach the same temperature; then while the total
amount of energy will not have changed, the
amount of available heat energy will be zero.
A new means of attacking Biological problems
followed from the application of the science of
energetics to the varied problems concerning living matter. One phase, at least, of the biologists'
labor, is to harmonize so far as possible the phenomena presented by plant and animal organisms,
to known chemical and physical laws. The question of food supply for an animal involves energy
supply. Food is taken into the system to build
new tissue, to produce heat energy, to maintain
the machine in operation, and in some cases, let
us hope, to be converted into useful work. Hence
the question of food analysis becomes a study of
energy supply. Within the past decade a number of important physiological problems have been
based directly on the theorem of the Conservation
of Energy. The whole series of Atwater calorimetric measurements for the determination of the
efficiency of man have been prosecuted with great
success and important practical results obtained.
These measurements involved the analysis of food
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supplied the subject. The subject was placed in
a respiration calorimeter for the purpose of measuring the heat given off by the body. The subject was required to work, to perform mechanical
work which was of such a nature that it could be
readily measured. The total energy put into the
subject could be measured by means of the chemical analysis and the amount of useful work performed by him ascertained; the ratio of the useful work performed to the total energy put into
the system gave the efficiency. These measurements were extended so as to include a varied list
of subjects and the values of foods studied from
this standpoint. Mayer's very clear statements
on the Conservation of Energy were based very
largely on physiological grounds.
One of the eighteenth century physicists, Count
Rumford, evidently appreciated energy supply, as
the accompanying statement from one of his papers will indicate. (The paper was on the means
of securing work): "If we have a ton of hay, we
can obtain more useful work by feeding it to a
horse and getting the horse to work for us than
by burning the same hay under a boiler. Rumford, who preceded Joule and Mayer , 50 years,
evidently had a conception of the Conservation of
Energy, though he never stated it directly. He
maintained, at the time during which he lived,
that Mechanical Energy could be transformed
into heat, and proved it to his own satisfaction,
but his experiments were disregarded, crushed
down by the weight of authority. In fact,
throughout the early scientific literature, this
idea crops out repeatedly. Hence Mayer's idea
was not•a new one. He gave the first good statement of it, stuck to it and fought for it.
This concept has furnished a powerful means
of attack for the most varied kind of phenomena.
In mechanical problems there are two general
methods for solving a problem,—a force method
and an energy method. The latter is usually the
more simple. In problems other than purely mechanical ones the energy method is practically the
only one used. Well within the memory of the
present generation, new and startling phenomena
have been discovered and developed; for example,
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cathode rays, Roentgen radiations and more recently, Radio-activity.
The method of attacking these problems has
been along the line of energetics. The energy
of the Cathode rays, of the emanations from
Radio-active substances, has been and is being
studied, and the general method of attacking
most new problems in physical science involves
the study of energy reactions.
Reference was made in a preceding paragraph
of the efforts of Mr. Atwater in studying certain
interesting physiological phenomena. It is not
improbable that the application of Atwater's
methods to some psychological problems would
be of interest and value. It is possible that well
known principles and methods used in the study
of energetics might prove available in studying
the energy expended in the individual during
long continued mental effort.
It has been pretty definitely shown that the
potential energy of a man is reduced by the exercise of mental activity. Could not Mr. Atwater's
experiments be made to compare the effect on different individuals, regarding man as a thinking
machine as well as a machine for transforming
chemical energy into mechanical energy?
I have heretofore considered the subject of energy, giving a somewhat incomplete classification and referring to Mechanical Energy, Light
Energy, etc. This follows the old nomenclature
and while it may properly be discussed in this
way, I wish to call attention to another classification which more properly represents the later
views concerning energy:1. Kinetic Energy.
2. Gravitation Energy.
3. Cohesion Energy.

4.
5.
6.
7.
8.
9.

Disgregation Energy.
Energy of the Magnetic Field.
Energy of the Electric Field.
Chemical Energy.
Hnt Energy.
Radiant Energy.

There is nothing hard and fast about such a
classification. New phenomena and a better understanding of them serve to modify the view.
Other farms of en!rgy U )t at present discovered may be added in time. Within the past decade a
new energy source has been discovered. This may
possibly fall under the fourth heading, disgregation energy. Certain radio-active substances give
forth emanations, and a surprisingly large quantity of energy accompanies this phenomenon.
The method of attacking the problems in this
new field and the study of the varied phenomena
in connection therewith, has been essentially an
energy method
If it were possible to have a conservative system in which the most complicated reactions
were taking place, and if we were able to measure exactly at various times all the known forms
of energy; if the sum of these at the various
times was not equal to a constant, it would not
overthrow the doctrine of a Conservation of Energy, but rather indicate the existence of some unknown form of energy.
This law is a proposition which in the nature
of things rests solely on experience and experiment, but the acceptance of it and the application of it to varied phenomena harmonizes so
completely with observed facts, and with no exceptions, that it is accepted as a truism by all
sciences, and forms in large part, the basis of
their present development.
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FLYWHEEL EXPLOSIONS*
By WILLIAM H. BOEHM,'91.

HEN a heavy train thunders past at high
speed, the bystander cannot but be impressed that an immense amount of power is being exerted. The dark clouds of smoke, the
sharp puffs of exhaust steam, the trembling and
panting of the almost living giant of steel and
iron, the noise of the moving train and the cloud
of dust left behind, all convey an impression of
tremendous power. If the bystander does not
experience an intuitive feeling of danger it is only
because of his familiarity with the spectacle.
A stationary engine driving the machine in an
industrial establishment may be putting as much
power as this into its flywheel, but the bystander
sees no smoke, hears no noise of exhaust steam,
and the wheel revolves so smoothly and quietly
that it conveys to him almost no idea of the power
exerted. If the power happens to be transmitted
by belting, the high rim speed of the wheel is apparent in the express-train speed of the belt. (It
is current practice to operate all flywheels at a rim
speed approximating a mile a minute.) The rim
speed, however, conveys only a faint idea of the
power developed or of the danger involved.
Whether or not this power and its accompanying danger is perceptible to a bystander, the engineer in charge of the power plant has a grim
appreciation of its presence. He has a comprehensive idea of the amount of energy represented
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*Reprinted by permission from "Insurance Engineering."

in the several boilers that supply steam to the
engine, and he knows that the flywheel in transmitting this power contains the energy represented in all of the boilers used to run the engine.
When he considers the amount of energy thus
stored up in the flywheel and the awful havoc
that would be wrought should this energy be suddenly liberated through an explosion of the wheel,
it is little wonder that he has an intuitive feeling
of danger. There is cause for it.
FREQUENCY OF FLYWHEEL DISASTERS.

The writer noticed during the past year no
fewer than sixty newspaper accounts of serious
flywheel explosions. Of these, eighteen occurred
during the past two months.
As comparatively few accidents of this kind are
reported in the daily press and only a part of the
published reports come under my notice, it is safe
to say that flywheel disruptions are occurring at
the rate of at least twelve per month.
From the nature of the conditions involved,
these explosions occur with great violence. Cast
iron being a comparatively brittle material, any
breakage of a wheel is almost certain to be accompanied by complete disruption. And since
disruption nearly always takes place at a rim
speed of 3 to 34 miles per minute, the heavy
fragments are hurled with a speed so terrific that
everything in their path is mowed down as by a
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bombardment from heavy ordnance. A single
accident often involves the death and injury of
scores of employes and a property loss of thousands of dollars.
As an example in point, I may cite the accident
that occurred a year ago at the Cambria Steel Co.,
Johnstown, Pa. In this instance the breaking of
a governor belt allowed an engine to run away
and burst its 30-foot flywheel by centrifugal force.
The flying missiles of heavy cast iron wrecked the
building and flooded it with scalding steam and
water from broken pipes. One man was instantly
killed, three more fatally injured, and five others
seriously hurt. The building was set on fire.
Another and more recent illustration is the accident that occurred January 3 this year, at the
National Tube Works, McKeesport, Pa. In this
instance the bursting of a heavy flywheel killed
one man outright, seriously injured three others,
and caused damages estimated by the McK,2esport
Times at $100,000. This estimate included the
indirect loss of wages and mill output resul.ing
from the shut down, as well as the direct loss due
to' damaged machinery- and building *
It will be seen that the frequency and disastrous
results of these.accidents is really alarming, and
that insuring against. loss due to flywheel explosions is much the same as insuring against loss
due to boiler explosions.
TEMPTATION

TO RUN AT DANGEROUSLY HIGH
SPEED.

Engine flywheels may be divided into two general classes, those that serve as a flywheel only
and those that serve as a combined flywheel and
belt wheel. As flywheel, the combined wheel
serves to prevent sudden fluctuations of speed due
to variations in the load on the engine, and to
variations in the crank effort. As belt wheel, it
serves to transmit the power developed by the
engine.
High speed is greatly desirable for either of
these purposes. High speed means that narrow
*Since the above was written the National Tube Works has had a
second flywheel accident in which the bursting of a 30-foot wheel
killed five men, seriously injured six others and caused damages to
machinery and property estimated by the Pittsburg Thspalch at
$50,000.

belts may be used, because the capacity of a belt
to transmit power is proportional to its width and
to its speed. If the speed of a belt be doubled,
for example, it need be only one-half as wide to
transmit the same amount of power. High speed
also means lighter wheels, because a narrowerfaced wheel will serve to carry the narrower belt
required.
In the case of an overloaded engine, more power
may be obtained by increasing the speed, because
the power developed by an engine increases directly with its speed. If the speed be doubled,
for example, the power will be doubled, and this
without any increase in the steam pressure. If
the engine and wheel will stand the increase in
speed, this will give also the advantage of better
speed regulation.
The capacity of a flywheel to prevent sudden
fluctuations of speed is proportional to the weight
of the wheel and to the square of its speed. If
the speed can be dAubled, for example, only onefourth the weight will be required to give equally
efficient speed regulation.
It will be understood from the foregoing that
even a slight increase in speed means a considerable saving in the weight and cost of the wheel
and in the cost of the belting; and in the case of
an overloaded engine, it may mean saving the cost
of a larger engine to develop the power required.
The temptation to run flywheels at high speed is
therefore great, so great in fact that they are often
run at a speed dangerously near the limit of safety.
CAUSES OF FLYWHEEL ACCIDENTS.

Wheels that serve only as flywheels have narrow, thick rims, often of approximately square
cross-section. Those that serve as combined flywheel and belt wheel have thin rims, wide enough
to carry the belt used to transmit the power developed by the engine.
Such wheels may fail primarily from two causes,
namely, from overload or from overspeed.
Overload may be produced in a number of ways,
among which may be enumerated:
(a) Clogging of the machinery in the mill.
(b) An unusual number of machines may
be forced at the same time.
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(c) Careless or ignorant handling of friction clutches.
(d) If the engine drives electrical machinery, the overload may be produced by a short
circuit.
(e) Sudden stoppage of the engine, as when
the piston comes off and blocks the piston rod.
In many instances the overload is produced
suddenly and causes the wheel to fail either by
the torsional strain produced, or by the crushing
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(f) Governor being improperly designed.
(g) Slipping or breaking of governor belt
or of governor pulley.
(h) Derangement of governor by internal
or external causes, as when a stem or a rod gets
stuck, or a ball gets broken off.
(i) Derangement of valve gear.
(j) Safety stops improperly set, or governor blocked.
(k) Sudden reduction of load, as when the

FLYWHEEL EXPLOSION IN BRICK FACTORY, TERRE HAUTE, IND.

strain due to the pressure of the belt acting against
the rim.
Overspeed causes the wheels to explode by centrifugal force. By overspeed we do not especially
refer to high normal speed, although many wheels
are run normally at dangerous speed. We particularly refer to the accidental increase in speed
beyond that for which the governor of the engine
is set, and which is commonly called "racing."
Racing may be produced by:

main driving belt breaks or an armature burns
out.
Besides the.primary causes enumerated above,
we may mention as contributory causes:
(1) Defects in the design, material or construction of the wheel.
(m) Failure of some part of the engine, as
when its bed breaks or its shaft fails, and throws
the wheel against the side of the wheel-pit.
(n) An idler pulley or a driving pulley may
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break first and derange the governor or valve
gear by hurling fragments into them.
In the case of a condensing engine, racing often
continues until-the wheel is disrupted, even after
the engineer has succeeded in shutting off the
steam.
Unfortunately, when an engine starts to race
the men in charge of machines in the mill shut
them down, and the decrease in load causes a

asunder may be obtained for a wheel made of any
material and running at any speed.
Stated in words, the formula means that if we
multiply the square of the velocity of the rim in
feet per second by the weight in pounds of one
cubic inch of the material in the wheel, and then
divide the product by 2.66, the result will be the
force in pounds per square inch tending to burst
the wheel.

FLYWHEEL EXPLOSION MARYLAND.MILLS, CUMBERLAND, MD.

further increase in speed until the engine, entirely freed of its load, runs away and disrupts its
wheel by centrifugal force.

As a cubic inch of cast iron weighs about .26
of a pound, this gives for cast iron wheels
v2
approximately.

STRESS IN FLYWHEEL RIMS.

The stress in the rim of a flywheel, due to centrifugal force, will be better understood by a consideration of the formula
\v, V 2
2.66

from which the stress tending to burst the rim

That is, the stress tending to burst the rim of
a cast iron wheel is one-tenth of the square of the
velocity of the rim in feet per second.
From either of these formula it is seen that the
stress in the rim of a wheel increases with the
square of the speed, or, to put it another way, the
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margin of safety on speed is always the square
root of the factor of safety on strength.
If the speed be tripled, for example, the stress
in the rim becomes nine times as great as before;
that is, with a factor of safety of 9 on strength,
there is a margin of safety of only 3on speed. It
will be understood from this that the stress increases enormously for even a slight increase in
speed.
FLYWHEELS AND BOILERS COMPARED.

Comparing flywheels with boilers, it will be observed that while steam is always the primary
cause of boiler explosions, speed is usually the
primary cause of flywheel explosions. It would
seem, therefore, almost as proper to speak of high
"speed pressure" as to speak of high "steam
pressure."
As a matter of fact, the influence of speed on
flywheels is much the same as the influence of
steam on boilers. Both produce radial forces
whose resultants exert a tensile stress in the rim
of the flywheels, or in the shell of the boiler, as
the case may be.
In the case of boilers, steam exerts the radial
force, acting on the shell of the boiler, and whenever the steam pressure becomes sufficient, the
resultant stress bursts the boiler with great violence. In the case of flywheels, speed exerts the
radial (centrifugal) force acting on the rim of the
flywheel, and whenever the speed becomes sufficient, the resultant stress bursts the flywheel with
great violence.
The term "explosion" may, therefore, be properly applied to either case.
While the influence of speed on flywheels is, as
has been shown, much the same as that of steam
on boilers, it should be borne in mind that when
changes of speed and pressure occur, the stresses
produced in each case follow entirely different
laws.
In the case of boilers, the stress in the shell increases proportionally with the steam pressure.
Doubling the steam pressure, for example, doubles
the tensile stress acting on each square inch of the
shell. In the case of flywheels, the stress in
the rim increases with the square of the speed.
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Doubling the speed, for example, quadruples the
tensile stress acting on each square inch of the rim.
In the case of boilers, any increase in the thickness of the shell will allow a proportionate increase in the steam pressure that-may be carried.
If, for example, we should double the shell-thickness we could double the steam pressure. In the
case of flywheels, increasing the thickness of the
rim does not increase the allowable speed at which
it may be run. The reason for this is that any
weight added to increase the thickness of the rim
increases the centrifugal force in exactly the same
ratio.
It will be understood from the foregoing that
while an engine-pulley or flywheel can be designed to successfully resist the torsional stress
due to any load required of the engine, there is
no possible way to overcome the centrifugal stress
due to speed.
SPEED AT WHICH BURSTING OCCURS. •

For a given material there is a definite speed
at which disruption occurs, regardles of the
amount of material used.. This is not an uncertain theory, but a mathematical truth easily
demonstrated, and is expressed by the formula
SE
= 1.63\1

vt,

in which V is the velocity of the rim of the wheel
in feet per second at which disruption will occur,
W the weight of a cubic inch of the material used,
S the tensile strength of one square inch of the
material, and E the efficiency of the rim joint.
(E = 1 for wheels without rim joints.)
Stated in words, the formula means that if we
multiply the tensile strength of the material by
the efficiency of the rim joint, divide the product
by the weight of one cubic inch of the material,
extract the square root of the quotient and then
multiply this by 1.63, the result will be the rim
speed in feet per second at which disruption will
occur.
If, instead of the ultimate strength of the material, we use its safe strength in the formula, the
result will be the rim speed in feet per second at
which ,the wheel may be run with safety; the sup-
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position being, however, that the rim is of homogeneous material, and free from shrinkage strains.
CAST IRON WHEELS.

Applying the formula to determine the safe rim
speed for cast iron wheels made in one piece, we
would assume that, if the ultimate strength of
small test bars were 20,000 pounds per square
inch, we could depend upon having 10,000 pounds
in large castings.

Using a factor of safety of 10 on this would give
1,000 pounds per square inch as the safe strength
of this material. The weight of a cubic inch of
cast iron is approximately .26 of a pound, so that
for cast iron wheels we have
V = 1.63% 1

N W

1
. = 100 ft. per sec.,
=1.63\1"
26

so that perfectly sound cast iron wheels made in
one piece and free from shrinkage strains may be

SAFE SPEEDS FOR CAST IRON FLY WHEELS.
Margin of safety on speed, approximately three.*

,.............
Type of Wheels and maximum obtainable efficiency of rim-joint.
Link joint.
Flange joint.
Pad joint.
No joint.
.60
.50
.25
1.0
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..4,*

Ak

IFa" 4WrO ,Ake•
Diam.
in

Ft.

R. P. M.

1. 1910
2. 955
3. 637
4. 478
5. 382
6. 318
7. 273
8. 239
212
9.
191
10.
174
11.
12.
159
147
13.
14.
136
128
15.
120
16.
112
17.
106
18.
19.
100
95
20.
91
21.
87
22.
84
23.
80
24.
76
25.
74
26.
71
27,
68
28.
66
29.
64
30.

It. P. M.

955
478
318
239
191
159
136
119
106
96
87
80
73
68
64
60
56
53
50
48
46
44
42
40
38
37
35
34
33
32

4

It. P. M.

It. I'. M.

1350
675
450
338
270
225
193
169
150
135
123
113
104
96
90
84
79
75
71
68
65
62
59
56
54
52
50
48
47
45

1480
740
493
370
296
247
212
185
164
148
135
124
114
106
99
92
87
82
78
74
70
67
64
62
59
57
55
53
51
49

*If the revolutions given in the table be increased 20 per cent. the margin of safety on speed
will be reduced to two and one-half; if the revolutions be increased 51) per cent, the margin
of safety will be reduced to Iwo.

.
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run with ample safety at a rim speed of 100 feet
per second, which corresponds to about 1.15 miles
per minute.
Small cast iron wheels are made in one piece.
Large wheels are made in halves or sections to
facilitate handling and transportation. It is common practice to make all engine wheels up to 8
feet in diameter in one piece; those between 8 and
16 feet in halves; and those over 16 feet in sections, the number of sections being usually equal
to the number of arms in the wheel. Wheels are
not often made larger than 30 feet in diameter,
although 30 feet is, itself, a size frequently encountered.
Wheels smaller than 8 feet are frequently made
in halves, either to avoid shrinkage itrains or to
enable them to be placed on their shafts without
first having to take off other wheels. Frequently
the hub only is split to obviate shrinkage strains.
The difficulty of shrinkage strains is a serious
problem, and formerly led to the expediency of
making the arms of small wheels in fantastic
curves, often shaped like the letter "S." Shrinkage-strains are produced by the unequal cooling
of the arms and rim when the wheel is cast. If
the mass of metal in the arm, for example, is proportionately greater than that in the rim—a frequent case with thin-rimmed pulleys—the rim,
because of cooling and shrinking first, is pulled
upon by the more slowly cooling arms, thus producing a bending strain in the rim and a tension
strain in the arms.
The effect of this unequal cooling is not only to
create enormous shrinkage strains in the wheel,
but also to leave the metal at the juncture between arms and rim in a dangerously porous or
honey-combed condition. The porous condition
of the metal is caused by the tendency of the
arms in cooling to pull away from the rim while
the metal is in a plastic or half-molten state.
RIM JOINTS.

Rim joints are a constant source of danger and
should receive careful consideration. Perhaps
the importance of looking to the rim joint will be
better appreciated when it is remembered that the
usual bolted and flanged rim joints, located be-
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tween the arms of sectional belt wheels, average
a strength of only 20 per cent of the solid rim,
and that it is not possible to design a joint of this
kind having a strength greater than 25 per cent
of the solid rim. By placing the joints in such
wheels at the ends of the arms, instead of between
them, an efficiency of 50 per cent of the strength
of the rim may 132 obtained The reason for this
is that th2 centrifugal force of the heavy flanges
and bolts is directly sustained by the arms, instead of being left free to act as a betiding force
on the rim.
In heavy, thick-rimmed balance wheels, where
steel links are shrunk on to reinforce the joint, an
efficiency of 60 per cent is possible, but this construction cannot be applied to belt wheels having
thin rims.
SPEEDS THAT MAY BE CONSIDERED SAFE.

Assuming rim joints designed for the greatest
possible strength and using the fbrmula previously given, we have computed the allowable number of revolutions per minute for the several types
and sizes of cast iron flywheels in current use.
These are given in the table on page 44.
In preparing this table a margin of safety of 3
on speed has been allowed, so that if the revolution§ there given be multiplied by 3, the result
will be the number of revolutions at which disruption will occur.
WOODEN WHEELS VS. CAST IRON WHEELS.

Flywheels are subjected to a great variety of
strains, the greatest of which is that due to centrifugal force. It is this strain that causes the
majority of flywheel wrecks. The ritn velocity
at which centrifugal force becomes sufficient to
burst a wheel made of any given material is, as
has been previously stated, expressed by the formula
'SE
V = 1.63N W

An inspection of this formula shows that the
S .
bursting speed is proportional to NI w and this
means that the material which has the greatest
strength for a given weight will stand the highest
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speed before going to pieces. Since wood possesses this quality, it is in the above respect a better material for flywheels than cast iron.
In comparing wheels having wood rims, however, with those having cast iron rims, it should
be remembered that the wooden rims are built up
of segments fastened together. These segments
are sawed so as to obtain as much of the straight
grain of the wood as possible, but the full tensile
strength of the wood is never obtained. Partly

by arranging the segments so that only every
third or fourth joint comes in line, instead of every
other joint, but if this is carried too far, the
contact surface on the sides becomes less and
weakens the shearing strength of the segments.
Applying our formula to hard maple having a
tensile strength of 10,500 pounds per square inch
and weighing .0283 of a pound per cubic inch, we
have, using a factor of safety of 20, and remembering that the strength is reduced one-half,

iIIIIIi'iii1IIiI 11

FLYWHEEL EXPLOSION IN PAPER MILL, CLEVELAND, 0., SHOWING 500-POUND PIECE HURLED 400 PENT.

for this reason and partly for others, a factor of
safety of 20 is used for wood, where 10 would be
used for cast iron. Twenty in this case is, however, only an apparent factor of safety, because a
part of the tensile strength lost in sawing is included in this, making the real factor of safety,
of course, less than 20.
Again, the wooden segments are put together
to break joints so that the strength is further reduced one-half. This may be helped somewhat

S E=1.634525 X'5=154ft. persecond,
V=1.63\
I.0283

so that a well-made maple wheel may be run with
perfect safety at a rim speed of 154 feet per second,
which corresponds to 1.75 miles per minute. Or
comparing two wheels of the same diameter, one
of cast iron and the other of maple, the number
of revolutions per minute for the maple wheel
may be 54 per cent greater than for the cast iron
wheel. One hundred and fifty-four feet per second.
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would not, however, be a safe rim speed for
wooden wheels if made in halves or sections, on
account of the weakness of rim joints
After a disastrous flywheel wreck at the Amoskeag mills, Charles H. Manning, M. E., superintendent of the mill, designed and had constructed
a large wooden flywheel. This wheel is 30 feet
in diameter and 9 feet face. The rim is 12 inches
thick and is built up of 44 courses of ash plank.
The segments break joints and are glued and
bolted together. There are two hubs and two
sets of arms, twelve in each set and all of cast
iron. The wheel weighs about 104,000 pounds,
and was tested to a speed of 76 R. P. M., corresponding to a rim speed of 1.36 miles per minute.
Since the construction of this wheel many large
flywheels have been built of wood. They are satisfactory in service, and several large manufacturing concerns now make a specialty of wooden
flywheel construction.
STEEL WHEELS BEST OF ALL.

Bringing into service again our formula for the
burstin speed of flywheels, we see at once that
steel is a superior material for the construction of
wheels of large size. Unfortunately, the extreme
cost of such wheels precludes their general adoption. Notwithstanding this, steel as a material
has plenty of advocates, some engineers going so
far as to say that it is the only fit material for
large flywheels of high speed and high power.
In comparing steel wheels with wheels made of
other materials it should be remembered that no
wheel is ever stronger than its weakest section.
As the rims of these wheels are built of plates cut
into segments and riveted together, the weakest
section is not necessarily at a rim joint, although
usually so.
Assuming an efficiency of 50 per cent in the rim
joint, and that no section of the rim has a net area
less than 50 per cent of the gross area of the crosssection, and using a factor of safety of 10, steel
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having a tensile strength of 60,000 pounds per
squre inch would allow a safe rim speed of
—
E=\
"
16
V = 1.63\is
X '5°=188 ft. per second,
.28

corresponding to 1.9 miles per minute. Thus steel
wheels will stand a speed 90 per cent greater than
cast iron wheels.
Steel wheels may be divided into three distinct
types, (1) those having centre and rim built up
entirely of steel plates,(2)those having cast iron
centre with steel rim, and (-3) those having caststeel centre and plate-steel rim.
An interesting steel wheel of novel construction was recently designed by Mr. Manning for
the Amoskeag Manufacturing Co. The wheel
has a cast iron centre and steel rim. The rim,
however, is not built up of segments, but is made
of rings or hoops, one within the other, all securely riveted together. In describing this wheel,
Mr. Manning says it is stronger than steel wheels
made of segmental plates and is also cheaper because the material is not wasted in cutting. The
wheel is 15 feet 3 inches diameter, and 36 inch
face.
Steel wheels for extreme speeds have been constructed by wiliding steel discs with wire. Such
a wheel is in operation in a rolling mill at Ladore,
Wales, using the Mannesman process of rolling
tubing from the solid bar. As an immense amount
of power is required for only a short interval, the
wheel is subjected to heavy shocks as well as to
high speed.
In constructing this wheel, two steel discs 20
feet in diameter were bolted to a cast iron hub.
The outer edges of the discs form a groove into
which 70-tons of No. 5 steel wire are wound under
a tension of 50 pounds. This wheel is operated
at 240 R. P. M., which corresponds to a rim speed
of 2.85 miles per minute. The wheel replaced by
this one, and which was made of cast iron in the
usual manner, broke at a rim speed of 1.42 miles
per minute.
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ALUMNI NOTES.
Mr. S. J. Kidder, '00, has lately taken charge
of the construction of a 500-ton Cyanide plant at
DeLamar, Nevada. This plant is for the purpose
of treating the tailings of earlier mills.
W. E. Burk, '96, has accepted the position of
chief chemist and bacteriologist for the Louisville
Water Company, in control of the filtration system. In assuming this important work, he gives
up his connection with the Louisville Male High
School and also withdraws from the firm of Burk
& Lyon. This latter business will be couducted
under the name of Louisville Testing Laboratory.
William H. Insley, 1900, is president of the new
Insley Iron Works at Indianapolis. He had previously been connected with the Haugh, Noelke
Iron Works of the same city.
Mr. George H. Crain,'04, who has been an apprentice in the Westinghouse Electric Company
at Pittsburg, has taken a position in the Engineering Depot of the American Trading Company,
New York.
Mr. T. G. Pierson, '97, gave a very interesting
talk at the Y. M. C. A. room on "Why Study the
Bible?" Mr. Pierson has been of service to the
students in this capacity before and is still welcome.
Mr. W.E. Wiedemann,'03, who has been chief
chemist for Nelson Morris & Co., East St. Louis

Plant, has united with J. J. Kessler, Jr., '97, in
the operation of a Chemical Testing Laboratory
at St. Louis, and the name of the firm has been
changed from J. J. Kessler & Co. to Kessler &
Wiedemann, 224 South Vandeventer avenue.
They are prepared to make tests of oils, soaps,
fats, etc., to analyze iron and steel, make cement
tests and examination of water.
We have received the following since the last
issue of the TECHNIC:
Mr. Charles Herbert Hills
Miss Susan Mary Bagg
Married
on Sunday, October the fifteenth,
one thousand nine hundred and five,
Bernardston, Massachusetts.
The accompanying card dates the "At Home" after December 15 at 263 Maple Street, Holyoke, Mass.
Mr. Arthur Wray Street
announces the marriage of his daughter
Mary Hale
to
Mr. Frank Allen Whitten
on Wednesday, October the eleventh,
• nineteen hundred and five,
South Berwick, Maine.
Mr. and Mrs. John Theobald
announce the marriage of their daughter
Gertrude
to
Mr. Charles Chestnut McCormick
Tuesday, October twenty-fourth,
nineteen hundred and five,
Terre Haute, Indiana.
At Home after December first, 824 Beech Street.
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A WEEK OF RAILROADING.
By A. W. LEE, '06,

E WERE ordered to report at the Vandalia
round-house at 8
o'clock one Monday
morning last spring,
eight of us besides the
fireman and engineer.
We were to help two
Seniors, members of
the class of 1905, on a
test of one of the large
Van freight locomotives, running between Terre Haute and Indianapolis. When we arrived we found it to be engine No. 156, a large "hog," with six 63"drivers,
21"x28" cylinders, and of about 164 tons weight
in working order. The tender had a total capacity
of 7,500 gallons of water and 26,000 lbs. of coal.
The engine was of the class V. F. 5., and was
built at the Schenectady works.
I was at first at a loss to know what they were
going to do with so many, for unless they expected to kill some of us off on the way over, and
then use the others as subs, it seemed almost
impossible to find a job for everybody. But I
wasn't given much time to worry about this for
we were immediately tumbled into a box arrangement on the pilot, and the engine, after taking
on water, was run out to the East Yards. On
the way out the final preparations were made,

and by the time we reached the coal scales we
were ready for the test At the scales a weighed
quantity of coal was put in loose, while several
hundred-pound sacks were added to be used at
stops, and in case the original supply gave out.
The engine was then immediately coupled on
to its train,—only a light one of about thirty cars,
this being a fast run. At the E. Y. tower two
short whistles were blown, the time was taken,
and the trip had started.

An indicator was rigged on each cylinder, and
each was in charge of a Senior. Cards were
taken at every even numbered mile-post, thus
getting a record of what the engine was doing
under almost all possible conditions. These cards
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gave considerable trouble during the first part of
the trip, for every now and then one would float
past, buoyed up by the expressions sent after it
by the unlucky loser. Everything was strapped
down with rubber bands, finally, and the trouble
after that was only occasional.
Of the rest of us, two were stationed in the cab,
one on the tender, two on the head end, and the
remaining one was to make himself generally
useful, though a good part of the time he had
only to stand around and look wise.
In the cab seven readings were taken, three of
the draught, two of the boiler and one each of
the lever and throttle.
By means of three U-tube water gauges placed
on the cab, the draughts were read off, in inches,
every five minutes. Each of these gauges was
connected by a pipe to the place where the draught
was to be determined. One of these pipes led to
the front and another to the back of the diaphragm, while the remaining led to the fire-box.
Every five ni nutes readings were taken of the
steam pressure in the boiler, and of the inches of
water in the glass gauge. These readings showed an average boiler pressure of about 178 tbs, while
6" to 8" of water was always kept in the gauge.
The notches on the reversing lever and throttle
were numbered, and it was the entire duty of the
second man in the cab to note all changes of
either lever, and the time of the change. This
might seem to be a comparatively easy task, until
the engineer happened to change them two or
three times in the same minute, then you wished
you had a stop-watch or another job. These last
readings taken with the boiler record, and the
M. E. P. given by the indicator cards, gave the
power developed by the engine for different relative positions of throttle and lever.
The duty of the man on the tender was to
measure the quantity of water and coal used, and
to stop all the smoke and dirt with his face that
was possible. Measurements of the water were
made by means of a "hook" gauge, which showed the inches of water in the tank. The readings
were taken before starting, before and after taking
water at Greencastle, and after the stop at the S.

F. tower in Indianapolis. The coal was weighed
at start and finish, and an account was kept of
all sacks used at stops, or while running. In
order to calculate the amount of steam lost by
the pop-valve, this was timed each time it blew
off. The temperature of the feed-water and outside air was also taken several times during each
trip.

On the head end the revolution counter took
the entire time and care of one man. Readings
were made every minute, and repairs every fifteen. The counter arm was attached to the crosshead by means of a cord, which caused a great
deal of annoyance by breaking, compelling a good
deal of guess-work at times. But unreliable as it
was, it would have been practically impossible to
obtain a correct estimate of the various speeds
without its aid. The highest speed reached, as
shown by the counter, was 850 revolutions per
minute, or about 65.6 miles per hour. The
average running speed on the level was in the
neighborhood of 40 miles an hour.
The temperature of the smoke-gases in the
flue was taken by a Crosby pyrometer, which
was tapped in a hole in front, drilled out for that
purpose. For the •first two trips this also was
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useless, registering 600° with great accuracy
under all conditions. However, after a treatment
at the shops, it served its purpose well for the
remainder of the test. The record so obtained,
together with samples of these gases obtained by
the bottle and siphon method, gave a means of
calculating the efficiency of the firing and combustion.
In order to get the temperature and quality of
steam, the steam tube on the left side of the engine was tapped, and a pipe, passing to the outside air and down, was so arranged as to cause
the steam to flow around an oil bath. Into this
bath a mercury thermometer, reading to about
600° F., was dipped, and held in place by a cushion of cotton waste, the pipe itself being wrapped
with asbestos and cotton waste to prevent any
loss of heat. Readings were taken of this every
five minutes, and the results indicated a very
good quality of steam, only from .77% to 1.02%
of moisture being present. The one who took
these readings also had the air-pump in charge.
This required him to get the average number of
strokes per minute while running and standing,
and also the total number of strokes required to fill
the train pipe after stopping. From this the total
number of strokes made during the trip could be
calculated, and then, knowing the dimensions of
the pump, the total amount of steam used by it
could be found. This, with the steam lost by
the pop-valve, gave the total amount of steam
lost on each trip, and the amount to be charged
to the engine could then be found.
On the first trip over I was placed in charge of
the calorimeter and air-pump. I was especially
warned to be careful with the thermometer, as it
was the only one of the kind we had along.
About half way over, I began to get cramped
from sitting down, so I stood up, and leaning

•
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against the hand-rail, I enjoyed the scenery for
a few minutes. You can imagine my feelings
when upon going to take the next reading, I discovered I had leaned against the thermometer,
disconnecting it in the middle, and rendering it
useless for anything except a relic. One morning, while working towards Indianapolis, we were
very much startled by a few short blasts of the
whistle, and having the engine suddenly shut
down. Looking ahead we saw a cow rambling
slowly on to the track, looking as if she wished to
get on board. Although she was more than a
hundred yards away, we were going considerably
faster than she was, so there was an immediate
and decided rush for back seats. But by the
time we had all reached the running board and
safety, the cow was half way up the bank of the
cut. Doubtless. seeing that we were perfect
strangers to her, and it would be the height of
impoliteness to intrude, she got off with only a
slight scare to herself and us. About once a day
a hat would go sailing back, accompanied by the
most appropriate language the owner could command on the spur of the moment. But such
mishaps only seemed to increase the enjoyment,
at least of those who were not unlucky.
Of course the results are much too varied and
extensive to be given in this short sketch, but it
is to be hoped that some slight idea of the ordinary locomotive test can be got from it. As to
the experience we acquired, I can at least say for
myself and for my class-mates on the test, that
we found how little we really did know of the
practical running and handling of a locomotive.
As to the pleasure it afforded us, it is enough to
say that at the end of the first day's trip, we
were only too glad that we had a week of such
interesting work before us.

52

THE ROSE TECHNIC.

'07 MEMORIAL.
When the Junior Class met this year to discuss
the subject of a memorial they found they had a
rather hard task before them, for the preceding
classes had made use of, as it seemed, everything
that suited the taste and pocket book at the same
time. However where there is a will there is a
way and so after a few suggestions a committee
was appointed to look into the matter more closely

customary heretofore. However the gates themselves did not need to be swung until the evening
of the 31st and so it was over this the class held
its festivities.
A number of the fellows gathered at the woodshop soon after daik and assisted Mr. Wires in
the finishing touches, he having consented to
superintend the work. In the course of time
they had the gates ready to swing and soon after

This committee, head, d by Mr. Milton Goodman began work at once and soon was able to lay
before the class a set of plans by Herbert W.
Foltz of the class of '84 and now a prominent
architect of Indianapolis. These plans seemed
to meet the approval of every one and the committee was instructed to have the gates put up.
Owing to the nature of the work, most of it had
to be done a few days before Halloween and so it
could not be made a complete surprise as has been

midnight as Mr. H. M. Shickel, President of the
class, shouted out above the noise of the breaking bottle "I christen Thee, Gates of '07," each
one of the assembled class felt that he could well
be proud of the memorial his class had left to
Old Rose.
After these ceremonies the class was not long in
reaching the gymnasium where it found a table
loaded with a substantial feast. Things were
rather quiet for a while for, after the evening's
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work, every one was satisfied to busy himself
with the things he found before him.
In a short time, however, Toast-Master Harry
H. Orr, called attention to the fact that the
pleasures of the evening were not yet over but
only begun and then called for toasts. F. Harry
Cash responded to the-subject "The Memorial"
in a manner that gave him credit. Harold H.
Austin then spoke on "We the Class", taking for
his theme "History as she has been made." D.
Kranichfeld responded to "Rose Thorns." To
the initiated this could only mean the Faculty
but he made the fact clear that the "Rose Thorns"
weren't so bad after all. George E Heniken did
full justice to the toast "Rose Co-eds" as may be
seen by the fact that he built his speech upon
"Life would be dull without them.". Paul E
Turk then gave us some of our "Characteristics."
Since we were feeling pretty good towards everybody we took his jokes good naturedly even if
nearly everyone did come in for his share of
"joshing." After this toast several members of
the class were called upon for short talks. After
a time it was decided to adjourn to the campus
and continue the festivities there.
After the usual bon-fire had been built, joy
reigned unconfined as several of the people living
close can testify. Presently when the fire burned
out we turned our weary steps towards home
happy with the knowledge that '07 had kept her
good reputation up to its high standard while
passing through another epoch of her life's history.

The attention of the student body is called to
the work of the Young Men's Christion Association this year.
Under the efficient direction of the General
Secretary, Mr. C. W. Rich, the membership has
increased to more than forty, and the attendance
at the regular meetings has averaged about thirty.
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Splendid addresses have been delivered by Prof.
F. C. Wagner, Rev. C. W. Tinsley, H. W. Eastwood, '06, T. G. Pierson, '97, C. B. Jamison, E.
P. Bell, European Editor of the Chicago Daily
News, and Rev. L. E. Sellers. In the near future
we shall have an address by Charles D. Hurrey,
the Secretary of the International Committee of
Young Men's Christian Association of the West.
Three classes have been organized in Bible
Study with a total membership of twenty-five.
These meetings are held in the students' rooms,
at convenient locations, every Sunday morning
at 8:30. This year the classes have taken up the
studies in the Life of Christ.
'While the work has been progressing very encouragingly, yet much more may be done if we
have the active support of every one.
We most cordially invite all to attend our meetings and join us in the Bible Study.
CAMERA CLUB.
Any student of Rose or member of the Faculty
who owns a camera is eligible for membership to
the Camera Club. All that is necessary to join
is to sign the constitution of the society.
The object of the club is to further the interests
of photography among the students interested in
that line of work.
It is to be hoped that the members hereafter
will take more interest in the club and what it is
doing. At a recent meeting of the club there
were only about six members present.
It is the intention of the officers of the society
to fix up the dark room in first-class shape, which
will be done shortly.
A new set of pictures in the camera case would
be acceptable at this time; the old pictures should
be taken out and replaced with new ones as often
as possible. There have been no responses, as yet,
to requests for new pictures, so get busy everybody and bring forth any of your pictures which
you think will be suitable for exhibition.
ORCHESTRA.
The Orchestra was fortunate in being able to
secure Mr. Hugh McGibeny of Indianapolis as
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conductor for this year, for the work of this or- week; there are now eighteen members and still
ganization last year certainly showed the effects room for a couple of experienced low bass singers.
The membership of the first glee club is to be reof his able leadership.
The Freshman Class has responded well to the cruited only from the ranks of the associate club.
call for members, in giving Wanner for 'cello, Both clubs have been engaged to appear in the
which is to be given as
Hammond for trombone and Ransohoff for second Mobulus Concert,
.
violin. A good first violin, viola, and second soon as preparattons can be completed, and
cornet are still needed however and players will which will present an attractive program, as
find their time well spent in coming to rehearsals. all of the numbers will be new and some of Mrs.
Daily, '05 is helping considerably at his old Adams' latest compositions will be sung for the
stand on first violin and Landrum, '04 is playing first time.
clarinet. H. Shickel, '07 has been lost to the
SCIENTIFIC SOCIETY.
orchestra on account of his other college duties.
Two very interesting and in -tructive papers
SYMPHONY CLUB.
have been given before the Scientific Society
The Orchestra, Glee Club and Mandolin Club, since the beginning of the school year.
The opening paper, on Lifting Magnets, by
are already under way in good shape this year,
and the prospects for good musical entertainments Eastwood '06 was ably delivered and well illustrated by means of sketches, and large sized
are bright.
As yet, no dates for concerts have been set but photographs showing the magnets in practical
with good material in all of the organizations the operation.
Street Car Wiring, the subject of the second
customary concerts should be run off in good
paper, was treated by Kelsall'06 in such a manner
style.
The Glee Club will be considerably benefitted as to show that he thoroughly understood it. He
by the addition of the Associate Club, recently illustrated his paper by means of diagrams, blue
organized, and both the Orchestra and Mandolin prints, and a street car controller. The controlClub have received valuable men from the Fresh- ler was used to show how a motorman stops,
starts, and changes the speed of his car, etc.
man class..
Several members of the Senior Class have taken
The conductors of the different organizations
a lively interest in the society and have promised
are :-to give papers in the near future. For some
Glee Club—Mrs. Allyn G. Adams.
reason or other the members of the Junior Class
Orchestra—Mr. Hugh McGibeny.
seem to be slow in coming forward. Without
Mandolin Club—Mr. William Brandenburg.
Though but lately brought into existence, the doubt there are a number of the Junior Class who
Associate Glee Club is a very promising organiza- are able to present subjects which will be of intion, and the interest taken in it indicates that terest and they are requested to see Henniken '07
it is to be a permanent factor in Poly musical or Delle '06.
matters. Rehearsals are held regularly each
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T1CS
WASHINGTON,0; ROSE,0.
OR the first time in several years, Rose held
Washington University down to a tied score,
at St. Louis, October 7. Both teams played fine
defensive games and the offensive work of the
Engineers was fully consistent, considering that
it was only their second game.

F

most of the time and had it when the half ended,
but they were unable to get as close to Washington's line as they did in the first half.
The men who showed up best for Rose were:
Lee, Strecker, Whitlock and Lammers. For
Washington, Lehman, Johnson and Goldsmith
seemed to be the best.
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ROSE.

Jacobs,
Whitlock
• • • L E.,. .(1)
Schaumberg,. . . L. T.,. . (2)
Pritchard
Stevens, . . . . . . L. G., . . (3).
. Rotz, Jackson
Stone,
C., . . (4).
. . . Schmidt
Heimbruecher,. . . R. G., . .(5).
. Peck, Wilms
Bock,
R. T., . .(6).
. Strecker
Douthett
C. and H. Castlen, . R. E., . .(7)
. . . Q . . . (8).
Goldsmith,
. . Lee
Jamison,
(9)
Turk
L. H.,
R. H , (10)
Benbridge
Lehman,
Lammers
F. B., (11)
Johnson,
Referee, Connett ; Umpire, Anderson.
Halves, 20 and 15 minutes.
Score, 0-0.

MILLIKIN, 6; ROSE, 17.
Almost all of the first half Rose was in possesOctober 14th proved an unlucky day for the
sion of the ball and kept it within Washington's
30-yard line most of the time. Three times did gridiron warriors of Millikin University, for, althe Rose Poly team carry the ball up to Washing- though they put up a strong and fast game, they
ton's 5-yard line only to lose it—once on downs were clearly outplayed by the followers of the
and twice on fumbles. The half ended with Rose Rose and White, and when the game was over the
in possession of the ball in the middle of the field. score was 17 to 6 against them.
In the second half, the ball see-sawed back and
The game was fast and full of interest to the
forth in the middle of the field and neither goal spectators and all would have ended pleasantly
was in danger at any time. Rose had the ball had it not been for the fact that the work of Um-
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pire Schmidt was very unsatisfactory, especially to
Millikin, who made the greatest number of fouls.
The captain of Millikin's team decided to leave
the field in the second half and rather than have
it appear that we were supporting the umpire,
against them, Captain Lee agreed with Captain
Powers to call the game, thus leaving the score
as it actually stood.

BUTLER, 0; ROSE, 6.

Our fifth consecutive victory this season was
won over Butler College at Terre Haute, October 21. The day was clear and cool and almost
perfect football weather. The game was characterized by the roughness of Butler's players. The
visitors showed a very unsportsmanlike attitude
when they left the field after the game was going
against them, merely because they considered that
__
the
Rose team was getting four instead of three
e.
-9- 1
downs. It is a matter of almost certainty that we
'' 7 --t-4t°
t would have scored on the next play had the officials called the down "third, yard and a half to
.,
gain," instead of "second."
7-0•.••0,0.°
Rose kicked off to Butler's 15-yd. line and Benbridge downed the Butler man on the 20-yd. line.
Being held, Butler was forced to punt, but Tayrushed in and completely blocked the attempt
lor
l'
.
.
.
7
•
o•-:.
.
-.
Pritchard caught the ball and got away for
and
z-, AN,/
a touchdown. Lee kicked goal. Rose again
kicked off, the pig-skin spheroid falling on Butler's 5-yd line. After a few downs the Butlerites
fumbled to Rose, but it was not long till Poly was
The stars for Rose were Whitlock, Lammers,
held for downs. Butler soon punted and the ball
Lee, Pritchard and Douthett, although the whole
was returned 30 yards, only to be lost on a fumble.
team gave the support which is necessary before
The ball changed hands several times in the folone man can star. For Millikin, McDavid and
lowing five minutes. Unckrich took Lee's place
Moeller were easily the leaders.
and in a short time Butler carried the ball over the
The plays can be followed on the diagram in
line for a touchdown, using mostly end and tackle
the order in which they occurred:
plays. Shelly kicked goal and score stood 6 to
LINE UP.
6. After the next kick-off, Rose held Butler for
MULLIKIN.
ROSE.
downs, then rapidly advanced the ball to Butler's
Whitlock
L. B....(1)
McDavid,
30-yard line, where they lost on downs. End of
Pritchard
. L. T., . . (2)
Williamson,. .
Rotz half.
(8)
L. G.,
Waddell,
_.

co mg•

CaNed

0

- .9 rrs, n

. . C., . . .(4)
Redmond,. .
(5)
R. G.,
Richmond,
Powers (capt ),. . . R. T., . . (6)
(7)
R. E.,
Beatty,
Crea,
(8)
Q.,
(9)
L. H.,
Moeller,
. . R. H.,..(10)
Moses,
F B., .(11)
Moore,

1 44.1
.

fa ,b/ay

M
,'.. .."a
:V/

Schmidt
Peck
. Strecker
Douthett
Lee (capt.)
Turk
Benbridge
Lammers

Referee —Daily; Umpire—Schmidt.
Halves-25 and 20 minutes.
Touchdowns—Whitlock,Lammers, Douthett, McDavid.

After the kick-off—Butler to Rose—in the
second half, Benbridge, Strecker, Whitlock,
Douthett, Lammers and Pritchard, Ify a series of
quick plays, carried the ball to Butler's 6-yard
line. Here Butler claimed a third down, while
all the officials, their own above all others, maintained that it was second down. Coach Wingard,
of Butler, persisted in coming onto the field, and
Shank penalized Butler 3 yards. Butler, against
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the wishes of several of the players, forfeited the
game rather than agree with the officials.
LINE UP.
BUTLER.

ROSE.

Whitlock
L E.
Doyle
Peck
L T
Cook
Jackson
L. G.
Daudicon
Schmidt
C.
Davis
Rotz
R G
Lockhart
Strecker
R. T.
Shelly
Douthett
R E
Kirtley
Lee, Unckrich
. Q. B
Heintz .
. . . . Benbridge
R H. B.
Ramey
. Taylor, Lammers
Zuck
L. H. B.
Pritchard
F B
Kingsbury (Capt.)
Referee—Markle, Shank; Umpire—Shank, Markle;
Head Linesman—Eppert.
Halves-20 and 15 minutes.
Score—Rose 6, Butler 0.

EASTERN ILLINOIS,0; ROSE,22.
An extra game was obtained with Eastern Illinois Normal on October 28, at Charleston.
We did not expect to run up a large score, as
the men were not in very good shape.
Twenty-eight in all took the trip, eighteen being players.
After supper, part enjoyed a dance, while others
attended the "Country Kid" at the Opera House.
Rose had possession of the ball almost all the
time during the game, and while we were held for
downs at times, we quickly regained possession
of the ball.
For Rose, Peck and Strecker played very good
ball, and Bradford and Montgomery were the
Normal's best men.
The game began by Rose kicking off to a Normal man, who fumbled the ball to Whitlock on
their own 20-yd. line. Whitlock made a touchdown, the time being 10 seconds actual play.
On the next kick-off, Rose carried the ball
steadily down the field to Normal's 7-yd. line.
Here the Normal's braced up and held Poly for
downs, but Rose obtained the ball a few minutes later. This exchange was repeated, then
Normal succeeded in carrying the ball to their 45yd. line. Here Rose again took possession and
Douthett, Pritchard, Whitlock and Peck carried
the ball to Normal's 30-yd. line. Benbridge made

a 30-yd. run for a touchdown and Strecker kicked
goal.
Shortly after this the whistle sounded and the
half was over. Score—Rose, 11; Normal, 0.
In the second half, Normal kicked to Rose.
After ten minutes' fast playing, Strecker made
the third touchdown and kicked goal, the ball
having been out of our possession but once—when
a place kick at goal was attempted.
The next touchdown was only made after considerable hard work, Peck, Strecker, Whitlock
and Benbridge making good gains every time they
were called on.
After the touchdown, by Strecker, there was
only 30 seconds to play and the game ended with
the score 22 to 0 in our favor.
LINE UP.
EASTERN ILLINOIS.

L E
Housel (capt),
L T
Barclay,
L. G
Sargent,
C
Baker,
R G
Jones
R T
DeWolf,
R E
Perisho,
Bidle,
L. H
Bradford,
R H
Montgomery,
F B.
Crews,
Referee—Osborne of Mattoon.
Umpire—Briggs of Charleston.
Halves-25 and 20 minutes.

ROSE.

Whitlock, Wickliffe
Peck
Rotz
Schmidt
Wilms, McDaniel
Strecker (Capt.)
Douthett
Unckrich, Bard
Taylor
Benbridge
Pritchard

NOTES.
Basket ball practice has begun. A squad of
about twenty-five men answered Captain Johnson's first call for candidates, and besides these
there are several good basket ball men playing
foot ball. There is plenty of good material in
school, and every one will have to play sure
enough basket ball to hold a position on the team.
Of last year's team, we have back with us, Trueblood, center, Johnson and Lindeman, guards,
and Thurman, forward. The first three named
are out for practice. Thurman, however, was
injured this summer in Chicago, and will be out
of the game this season. He will probably consent to act as coach, and in this way will help the
team materially. Nearly all of last year's subs
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are in school, and there is some good material in
the Freshman Class.
The schedule is not completed, but we will
probably play Purdue, Indiana, Wabash, DePauw, Indiana State Normal, and possibly Earlham, Hanover and Washington University. So
with plenty of good material and a good coach,
all we need is hard practice and support to win
the State Championship in Basket Ball this year.

Because of numerous cancellations,the schedule
of games for our football team has been revised
several times this season. As it now stands, the
remaining games are as follows:
November 18, Earlham College, at Richmond.
November 25, Eastern Illinois S. N. S., at
Charleston.
November 30, Wabash Athletic Association, at
Wabash.

Apparently the High School teams in this part
of the country are afraid of our second team, as
it has been found impossible to schedule more
than three games for the scrubs.

After "A(ldie" Lee's injury the football team
elected R. A. Strecker, '07, to take his place as
captain of the team.

After many years' immunity from serious accicent, our football team has met with a misfortune
which has deprived it of the services of our captain. In the game with Butler, "Addie" broke
two bones in his ankle, and the injury will keep
him out of the game for the rest of the season.
We all join in wishing him a complete and speedy
recovery, and hope that he will be in his old time
form when the track season arrives.

Our success on the gridiron this season is due
largely to the efforts of Coach Jamison. Mr.
Jamison is Secretary of the local Y. M. C. A., arid
since the time he was captain of Purdue he has
kept up with the game. It is conceded throughout the State that he is one of the best football
officials to be obtained, because of his thorough
knowledge of the game.
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A gentleman down in Ky,
Was riding a horse that was by;
He lit in a creek,
But he shut his mouth quick
And didn't drink any,—how ly!
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"Wanted, to trade a straw hat, in excellent condition, fora suit of winter underwear. Will trade
back in the Spring. Apply to Pote, '06."
—[Ex.

The "Duke": "In what units does an integrating wattmeter measure work?"
First Senior: "Watt hours."
Second Senior: "Dynes."
The "Duke": "That's right, in joules."
Hull says that if some confounded-hadn't
dropped water in his face, he would be asleep in
the foundry bin yet.
Byrn: "If we would study about those electric currents like Williams tells us to, we would
short circuit our brains."
Junior: "I wonder if you can use this centrifugal force formula to find the number of revolutions per hour in Russia?"
White had a four ohm telegraph sounder that
he wanted to rewind to twenty ohms. He could
find no suitable wire, but being an inventive
youth, he soon found a way around this obstacle.
With the aid of a slide rule and wire tables, he
figured that about twenty-five feet of German silver wire would give the required resistance. This
also simplified the task of winding it considerably. For some reason the sounder does not work
since it has been rewound.
Seen on the bulletin board, the first cold day:

Dr. White: "Mr. Douthett, can you give the
method employed in making hydrogen sulphide?"
"Maude": "Yes, sir, a tank."
Sophomore, translating "Schwoert nicht zu
Oestreich": "Do not swear allegiance to Ostrich."
The football team of the Class of 1908 met defeat at the hands of the '08 scrubs on October 28.
Glad to see you back, Roy.
Prof. Williams, to Zambrano: "Imagine these
two circles struck; where would they intersect?"
Struck, awaking: "Why, they wouldn't intersect."
Freshman: "Prof. Wickersham, in the German vocabulary, what is the meaning of those
minus signs after each word?"
Hath: "If you find the exact value of this, it
will be accurate."
Prof. Wagner: "Where are the valves in an
ordinary cistern pump?"
Snead: "They are somewhere near the pump,
I think,"
Soph: "Prof. Logan, is there any danger of
taking the temper out of this casting if I get it
too hot?"
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OVERHEARD ON THE TELEGRAPH LINE.

Trenary to Hatch: "You are a good operator."
Hatch: "R R R R."
Trenary, slower: "You are a good operator."
Hatch: "R R R R."
Trenary: "Y-o-u a-r-e a g-o-o-d o-p-e-r-at-o-r."
Hatch: "R R R."
Trenary: (We believe it best to omit this part
of the conversation).

Boston Tech has held a Fall Handicap Field
and Track Meet, and also a Cross Country Run
with Harvard.
On Wednesday, October 18, Dr. Edmund James
was installed as President of the University of
Illinois. The inauguration was celebrated by
torch-light processions, fireworks and a huge parade, in which all the different college activities
were represented by floats.

Wilms and Butler, '06, and Kelley, '07, have
been initiated into the P. I. E. S., and Roane,
'08, into the Sigma Nu.

A night shirt parade was given by about eight
hundred Purdue students, in celebration of their
victory over Illinois.

Hath: "Now do not confuse this Hodograph
with 'Hobo graft,' for they are not at all similar.
`Hodo' means to move, and I have never yet seen
a hobo that was fond of moving."

Dr. Lyman Hall, President of Georgia Tech,
died this summer. He is succeeded by Prof.
Matheson.

We hear that Dr. White had to look a long time
at the tennis court roller in his office on the morning after Hallowe'en before he could see any joke
about it.
C. R. Demmitt, formerly of Rose, '06, is playing on the football team at Illinois. He has also
won his "I" in base ball.
Of the two hundred and twenty students now
enrolled at Rose, we have the following foreigners: One from Brazil, S. A., two from Santa
Barbara, Honduras, one from Honolulu, one from
Mexico, one from New Zealand and one from
Porto Rico. The rest of the students hail from
twenty-three states and territories.
The Purdue Memorial Gymnasium Fund has
reached $45,000. The Trustees of the University
have pledged $25,000, to be given as .s,on as the
fund reaches $50,000. This brings the completion
of the fund within the possibilities of the near
—[Purdue Exponent.
future.

Boston Tech is the recipient of a bequest of
$70,000. This gift was provided for in the will
of a graduate of the Class of 1889.
The following Exchanges have been received
to date by the TEcHNic:
Case Tech.
Georgia Tech.
Boston Tech.
Purdue Exponent.
Polytechnic (Rensselaer.)
Wabash.
Fulcrum (Armour Tech.)
Northwestern.
Student (Indiana University.)
Normal Advance.
Medical Student.
Butler Collegian.
Review and Bulletin.
Otterbein Aegis.
Crimson (Louisville Manual.)
Athlete (Louisville Manual.)
Spectator (Louisville H. S.)
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Zambesi River Bridge at Victoria Falls.
O anyone who has had the opportunity of viewing with admiration and amazement, the
wonders of Niagara, it seems impossible that
there can exist a cataract of greater magnitude
than this wonder of America. But wrapped in the
wildest regions of the Dark Continent, there is a
fall, of twice the volume of our Niagara, and we
may be assured that the beauties of this great
natural wonder will soon be better known. It is
on the direct line of the famous "Cape-to-Cairo"
Railway, and the October issue of the Engineering
Magazine, gives the following account of a magnificent steel arch bridge which is being built
across the gorge of the river a short distance below the fall.
"The Victoria Falls bridge is a recoid bridge in
many respects. It is the highest-420 feet—in
the world, and it was built in the shortest time
record for such work, that is, nineteen weeks.
Sir Charles Metcalfe also claimed that no other
bridge of its size and capacity had ever been built
so cheaply. At the time of writing, the bridge is
incomplete, some 50,000 rivets having yet to be
hammered in before the finishing touches can be
made. The bridge was designed by Sir Charles
Metcalfe, consulting engineer in Africa of the
Rhodesia Railways Limited, and Mr. G. A. Hobson. The work of construction was under the
immediate charge of Mr. G. C. Imbault who had
with him a staff of English bridge builders, whieh
never exceeded 25 men, and about 100 native
laborers. The total length of the bridge is 650
feet, of which the central span accounts for 500
feet between the pin centers on the two banks,

T

the balance being made up of the two short spans.
The great center span rises in a graceful parabolic
arch to the center, the spring of which starts
from the bases of the main booms. The vertical
rise to the crown is 00 feet. The main span is
made of 20 bays each 25 feet long; and lateral
stability was secured by a wide spread at the feet
of the bridge. At the rail level, the distance between girder centers is 21 feet 6 inches, whereas,
at the base, the width between pin centers is 50
feet. The roadway projects beyond the side
girders so as to allow a clear 30 feet between
parapets. The bridge is of steel and as it is coated with gray paint, it is rendered as invisible as
possible against the cloud of spray—'the smoke
that sounds', as the natives call it,—and the obtrusion on the landscape which so many feared
has thus been obviated."

How to use the Slide Rule on the Wire Table.
OST of us are ready to greet most heartily
any new application of our slide rules.
The Electric Journal for October prints an extremely interesting application and one which
should prove exceedingly useful to Electrical
Students.
"Hold the slide rule upside down with the
back scales, S, L and T of the sliding part in
view at the right hand end. On the L scale find
the number representing the size of wire whose
resistance is desired. Place the number opposite
the index on the other part of the rule. Turn
the rule right side up and the reading on the lower
scale of the stationary part opposite the end of the
scale on the sliding part is the required resistance.
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Example—Find the resistance of 1,000 feet of No.
5 B. & S. copper wire. Place the point 5 of the
L scale opposite the index. Turn the rule over
and read on the D scale opposite the left hand end
of the sliding scale, C. The integer result is 3,162.
The decimal point can be fixed by remembering
that the resistance of No. 10 wire is one ohm per
thousand feet, and that the resistance of number
0 wire is 0.1 of an ohm. Obviously, the resistance of No. 5 is 0.3162 ohm per thousand feet.
"To find the resistance of wires larger than No.
0 and smaller than No. 10, it is only necessary to
remember the rule given by Mr. Scott: 'A wire
which is ten times larger than another wire, has
ten times the weight and one-tenth the resistance.'
"Obviously, a wire 20 times larger has one hundred times the weight and one one-hundredth of
the resistance; for example, to find the resistance
of No. 17 wire, find the resistance of No. 7, and
multiply it by ten."

Hydro Electric Station in Mexico.
HE Electric World and Engineer for October
28th gives an interesting account of the plant
for the development of power from the Necaxa
and Terango rivers, in Mexico. These two rivers
jointly drain an area of about 225 square miles.
They are most remarkable in that they have a
total drop of about 3000 feet in a distance of three
miles.
The plant constructed for the utalization of this
tremendous power is notable not only for its mag-
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nitude, but also for some of its constructive features. The initial capacity of the plant is 30,000
kilowatts but it is expected that this will be
doubled.
The Tenango river has been consolidated with
the Necaxa and their flow has been turned into a
storage reservoir lake at Necaxa. The water is
carried by a pipe line to the first power house, and
the pipe line has a total drop of 1470 feet in a
mile. It is utilized at this head at the first power
house and is eventually to be used a second time
by a second power house at a lower level, under
a head of 1100 feet. The combined capacity of
the two power houses is to be not less than 80,000
horse power.
The dam of the Necaxa Lake is of earth, 177
feet high and 600 feet long, with a base width of
950 feet and a width of 54 feet at the top. No
less than 2,000,000 cubic yards of material were
required for the wall. A three square mile lake
has thus been constructed from which the impounded water is carried off by two pipe lines
running in a series of tunnels 1500 feet long.
The pipe line is constructed from seamless steel
tubing, made in Europe. The electrical apparatus
is from the General Electric Company of this
country and the Siemens Schuckert Company of
Germany. The water wheels are of the impulse
type and were manufactured by Escher, Wyss &
Company of Zurick, Switzerland. The electrical
power generated is to be transmitted at a potential
of 60,000 volts to the mining district of El Oro, a
distance of 171 miles.

